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(57)  The invention provides a tunnel kiln for firing ce-
ramic porous bodies which can fire ceramic porous bod-
ies containing organic binders in a shorter period of time
than in conventional methods without producing breaks
or requiring nitrogen gas. The tunnel kiln includes a pre-
heating zone 1, afiring zone 2, and a cooling zone 3 and
fires the ceramic porous bodies loaded on a carriage 7
by driving it in a furnace. A heat storage regenerative

Fig. 3

burner 10 is used as means of heating the firing zone 2
so that low-oxygen-concentration exhaust gas dis-
charged from the heat storage regenerative burner 10
may be returned to an exhaust gas return line 14 and
supplied into the preheating zone 1. The exhaust gas
return line 14 may be provided with a combustion device
17 that reduces the oxygen concentration by consuming
oxygen contained in the exhaust gas.
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Description
Technical Field

[0001] The invention relates to a tunnel kiln for firing
ceramic porous bodies containing organic binders, and
more specifically to a carriage type tunnel kiln suitable
for firing a ceramic honeycomb structures.

Background Art

[0002] In a tunnel furnace for firing ceramic porous
bodies containing organic binders such as ceramic hon-
eycomb structures, its preheating zone is subject to gen-
eration of a large amount of organic binder gases. Con-
ventionally, the organic binder gases are burned at a
high air ratio by using high-speed burners capable of giv-
ing high-velocity flame to supply the preheating zone with
a large amount of combustion gas in order to enhance
the effect of stirring so that the temperature distribution
may be kept well. Besides, a circulation fan has been
fitted to the preheating zone to improve the effect of stir-
ring. The technology for homogenizing the in-furnace
temperature distribution is available, however still there
is a problem that productivity cannot easily be improved
because binder releasing process in the preheating zone
takes a long time. The reasons are as follows.

[0003] Thatis, since an organic binder gases generat-
ing in the preheating zone burns on the surface of a ce-
ramic porous body, its periphery is heated to a high tem-
perature, whereas its inside stays at a comparatively low
temperature because of its excellent thermal insulation
properties. Subsequently, as the temperature of the in-
side of the ceramic porous body rises, combustion of the
organic binder gases go on to heat the inside to a high
temperature, whereas the temperature of the periphery
does not readily rise because of the excellent thermal
insulation properties of the ceramic porous body. For this
reason, a difference in temperature may occur between
the inside and the periphery during a binder releasing
process, leading to the occurrence of cracks referred to
as breaks due to thermal stress. Conventionally, to avoid
the problem, the progress of the binder releasing process
is moderated by elongating the preheating zone and
slowing down the traveling speed of a carriage.

[0004] Patent Documents 1 and 2 disclose a tunnel
furnace that suppresses combustion of organic binders
by supplying nitrogen gas etc. to a preheating zone to
decrease an oxygen concentration in an atmosphere and
thereby complete releasing of binder in a short period of
time. However, this requires a large amount of nitrogen
gas, leading to a problem of higher running costs. There
is also another problem that the tunnel furnace is subject
to entry of fresh air when a carriage is being carried in.
Consequently, it is difficult to keep the oxygen concen-
tration in the preheating zone at a level of 8% or less, or
preferably 5% or less at which the breaks never occur
as described above. For those reasons, actually the tem-
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perature is allowed to rise gradually over a long period
of time in order to prevent breaks from occurring in the
binder releasing process.

Prior Art Technological Literature
Patent Documents
[0005]

Patent Document 1: JP 2001-527202 W
Patent Document 2: JP 2001-525531 W

Summary of the invention
Problem to be Solved by the Invention

[0006] In view of the above, it is an object of the inven-
tion to solve the conventional problems and provide a
tunnel Kiln for firing ceramic porous bodies that can fire
ceramic porous bodies containing organic binders in a
shorter period of time than in conventional methods with-
out producing breaks or requiring nitrogen gas.

Means for Solving Problems

[0007] To solve the problems, the invention provides
a tunnel kiln for firing ceramic porous bodies which in-
cludes a preheating zone, a firing zone, and a cooling
zone and fires ceramic porous bodies loaded on a car-
riage and traveling in a furnace and in which a heat stor-
age regenerative burners are used as means of heating
the firing zone and an exhaust gas return line for supply-
ing a low-oxygen-concentration exhaust gas discharged
from the heat storage regenerative burners into the pre-
heating zone is provided so that the preheating zone may
be a low-oxygen atmosphere.

[0008] It is preferable to provide a configuration in
which a spare chamber is formed at the stage preceding
the preheating zone in order to supply, into the spare
chamber, the low-oxygen-concentration exhaust gas dis-
charged from the heat storage regenerative burners.
[0009] It is preferable to provide a configuration in
which the exhaust gas return line is provided with a com-
bustion device that consumes oxygen contained in the
exhaust gas to lower an oxygen concentration, a config-
uration in which a path is provided which suctions in-
furnace gas from the preheating zone and meets the ex-
haust gas return line and which is fitted with the combus-
tion device that consumes oxygen contained in the in-
furnace gas in the preheating zone to lower the oxygen
concentration, or a configuration in which a path is pro-
vided which suctions in-furnace gas from the preheating
zone and meets a stage preceding the combustion de-
vice, the combustion device being preferable to be a cat-
alytic combustion device. It is more preferable to provide
an afterburner to a path that suctions the in-furnace gas
from the preheating zone and discharges it in order to



3 EP 2 687 801 A1 4

completely burn organic binder gases occurring from the
ceramic porous bodies and, at the same time, remove
nitrogen oxide contained in the exhaust gas supplied
from the exhaust gas return line.

Effects of the Invention

[0010] In a ceramic porous bodies firing tunnel Kiln of
the invention,

low-oxygen-concentration exhaust gas discharged from
heat storage regenerative burners serving as means to
heat a firing zone is returned through an exhaust gas
return line and supplied into a preheating zone. The heat
storage regenerative burner has a configuration to re-
cover sensible heat of gas suctioned from an inside of a
furnace to a heat reservoir. Therefore, the exhaust gas
is comparatively at a low temperature of about 250°C to
300°C even the temperature for firing is in excess of
1400°C. The oxygen concentration is typically 3% to 7%,
depending on the combustion conditions. According to
the invention, it is possible to reduce the oxygen concen-
tration in the preheating zone by supplying exhaust gas
from the heat storage regenerative burner into the pre-
heating zone, in order to inhibit combustion of organic
binders in a binder releasing process and prevent breaks
from occurring.

[0011] In a configuration according to claim 2 in which
a spare chamber is formed at a stage preceding the pre-
heating zone to supply the low-oxygen-concentration ex-
haust gas discharged from the heat storage regenerative
burner also into the spare chamber, fresh air can be pre-
vented from entering when a carriage is introduced into
the preheating zone. This is advantageous in keeping
the preheating zone in a low-oxygen atmosphere.
[0012] In a configuration according to claim 3 in which
the exhaust gas return line is provided with a combustion
device toreduce the oxygen concentration by consuming
oxygen contained in the exhaust gas, the exhaust gas
having a low oxygen concentration can be supplied to
the preheating zone even if the oxygen concentration of
the exhaust gas from the heat storage regenerative burn-
er is in excess of a predetermined concentration.
[0013] In a case where a still larger amount of low-
oxygen gas is necessary to keep the preheating zone at
a low oxygen concentration, it is preferable, as in claim
4 or 5, to provide a configuration in which gas with oxygen
concentration lowered obtained by suctioning in-furnace
gas from the preheating zone and consuming oxygen
contained therein through combustion is returned to the
preheating zone along with the low-oxygen-concentra-
tion exhaust gas discharged from the heat storage re-
generative burner.

[0014] 1tis preferable, as in claim 6, to provide a con-
figuration in which a catalytic combustion device is used
as the combustion device because oxygen can be con-
sumed by allowing a combustion reaction to progress
even in a region where the temperature and the oxygen
concentration are low.
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[0015] In a configuration according to claim 7 in which
the in-furnace gas is suctioned from the preheating zone
and introduced to the afterburner to completely burn the
organicbinder gases generating from the ceramic porous
bodies and, at the sametime, remove nitrogen oxide con-
tained in the exhaust gas supplied from the exhaust gas
return line, non-catalytic denitration can be performed for
protection of the environment.

Brief Description of the Drawings
[0016]

Fig. 1 is an explanatory view of a first embodiment
of the invention;

Fig. 2 is an explanatory view of a heat storage re-
generative burner;

Fig. 3 is an explanatory view of a second embodi-
ment of the invention;

Fig. 4 is an explanatory view of a seal mechanism
of carriage;

Fig. 5 is an explanatory view of a seal mechanism
of carriage;

Fig. 6 is an explanatory view of a third embodiment
of the invention; and

Fig. 7 is an explanatory view of a fourth embodiment
of the invention.

Mode for Carrying out the Invention

[0017] Embodiments of the invention will be described
below.
[0018] Fig. 1is an explanatory view of a first embodi-

ment of the invention, in which numeral 1 indicates a
preheating zone, numeral 2 indicates a firing zone, and
numeral 3 indicates a cooling zone of a tunnel furnace.
Ata stage preceding the preheating zone, a spare cham-
ber 4 is formed, and rise and fall doors 5 and 6 are mount-
ed at the front and at the rear of the chamber 4, respec-
tively. Fresh air can be prevented from entering by alter-
nately opening and closing these doors.

[0019] Ceramic porous bodies containing organic
binders to be fired travel rightward in Fig. 1 in condition
where they are loaded on a carriage 7, during which they
undergo releasing of binders at about 200°C in the pre-
heating zone 1, firing at 1400°C to 1500°C in the firing
zone 2, and cooling to around the normal temperature in
the cooling zone 4 and then are taken out. In the present
embodiment, the ceramic porous bodies are cordierite
ceramic honeycomb structures and contain methylcellu-
lose or polyvinyl alcohol as the organic binder.

[0020] In the firing zone 2, heat storage regenerative
burners 10 such as shown in Fig. 2 are provided as heat-
ing means. Typically, a pair of the heat storage regener-
ative burner 10, each of which includes a heat reservoir
11 along a flow path for combustion air, are placed to
repeat combustion and exhaust in a short period of time
of about 30 seconds. That is, in a state A in Fig. 2, the
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left-side heat storage regenerative burner 10 suctioned
in the in-furnace gas, stores its heat in the heat reservoir
11, and exhausts it. The right-side heat storage regen-
erative burner 10 is ignited by being supplied with com-
bustion air and fuel gas which are heated when passing
through the heat reservoir 11. In a state B in Fig. 2, the
left-side heat storage regenerative burner 10 is ignited
and the right-side heat storage regenerative burner 10
suctions the in-furnace gas. An air switching valve 12
and a fuel switching valve 13 are used to conduct switch-
over between the states A and B in a short period of time
of about 30 seconds.

[0021] The heat storage regenerative burners 10 burn
the in-furnace gas whose sensible heat has been re-
moved when passing through the heat reservoir 11, and
therefore the resultant exhaust gas has a temperature of
about 250°C to 300°C. The oxygen concentration of the
exhaust gas is roughly in a range of about 3% and 7%,
depending on the combustion conditions. As shown in
Fig. 1, according to the invention, the exhaust gas from
the heat storage regenerative burners 10 are returned
to the preheating zone 1 through the exhaust gas return
line 14. If the exhaust gas is too hot to be supplied into
the preheating zone 1, heat removal equipment 15 is
fitted to the exhaust gas return line 14 as shown in Fig.
1 to thereby cool the exhaust gas to about 200°C and
then supply it into the preheating zone 1. As the heat
removal equipment 15, a heat exchanger can be used.
[0022] Since the preheating zone 1 is thus kept at a
low oxygen concentration, in the binder releasing proc-
ess going on in the preheating zone 1, combustion of the
organic binder can be suppressed to prevent the occur-
rence of breaks. As a result, the traveling speed of the
carriage 7 can be increased to finish the binder releasing
process in a short period of time.

[0023] In the tunnel Kiln, it is necessary to push the
carriage 7 into the furnace by using a pusher etc. and,
at the same time, alternately open and close the rise and
fall doors 5 and 6 at the entrance so that the atmosphere
of the spare chamber 4 can preferably match that of the
portion of the entrance of the preheating zone 1. Further,
to protecta device such asthe pusher, the spare chamber
4 should preferably be at a lower temperature before-
hand. For this purpose, in Fig. 1, heatremoval equipment
16 is disposed in series with the heat removal equipment
15 to further lower the temperature of the exhaust gas
and then supply it also into the spare chamber 4.
[0024] In the preheating zone 1, a large amount of or-
ganic binder gases generates from the ceramic porous
bodies. Therefore, the in-furnace gas is suctioned from
the preheating zone 1 by a suction fan 8, burned by an
afterburner 9, and released to the atmosphere as harm-
less and odorless gas. This process will be more specif-
ically described as follows.

[0025] Thatis, since the firing zone 2 of the tunnel kiln
for firing ceramic porous bodies is at a high temperature,
the concentration of nitrogen oxide (hereinafter abbrevi-
ated as NOx) becomes high. In the preheating zone 1,
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organic binder gas generates from the ceramic porous
bodies and is mixed into exhaust gas containing NOx
supplied from the exhaust gas return line 14. Then, the
exhaust gas in the preheating zone 1 is heated by the
afterburner 9 to a temperature of about 750°C to 850°C,
oxidized, and discharged from a chimney pipe. In this
case, however, over the afterburner 9, since the organic
binder gas acts as areducing agenton NOx, the oxidation
of the organic binder gas and the reduction of NOx take
place simultaneously to produce N, and CO, as well as
H,0, which are then discharged. The gas can be deni-
trated without using a catalyst, though at a NOx removal
efficiency of several tens of percent.

[0026] To improve the NOx removal efficiency, NH3
may be supplied to the afterburner 9. Alternatively, the
function of catalytic denitration may be given to a catalytic
deodorizing furnace rather than the afterburner. That is,
it is also possible to inhibit energy consumption while
actively denitrating the organic binder gas by using a Pt-
Pd-based oxidation catalyst to oxidize the gas and place
a Ti-V-based denitration catalyst at the preceding stage
at a reaction temperature kept at 250°C to 300°C.
[0027] Theamountof low-oxygen gasrequired to keep
the preheating zone 1 to a low-oxygen concentration in-
creases as the amount of the organic binder gas gener-
ating in the preheating zone 1 increases. If still more low-
oxygen gas is required to keep the preheating zone 1 at
the low-oxygen concentration while at the same time
keeping the furnace pressure in the preheating zone 1
higher than the atmospheric pressure, a configuration
such as shown in Fig. 6 can be employed in which an
exhaust line 22 which suctions in-furnace gas in the pre-
heating zone 1 and meets the exhaust gas return line 14
is provided to introduce part of this in-furnace gas drawn
out from the preheating zone 1 to a combustion device
19 and burn it there and consume oxygen contained in
the in-furnace gas and return the resultant oxygen-con-
centration lowered gas to the preheating zone 1 along
with exhaust gas in the exhaust gas return line 14. The
combustion device 19, which is preferably a catalytic re-
actor vessel, has a role of burning the organic binder
gases contained in the in-furnace gas and a role of con-
suming oxygen in the in-furnace gas through the burning
so that the oxygen concentration may lower. Further, un-
like the afterburner placed before the position of the gas
release to the atmosphere, the combustion device 19
need not burn the organic binder gases completely. The
position where the combustion device 19 is placed is not
limited in particular. The combustion device 19 may be
placed on the downstream side of a position where the
exhaust line 22 and the exhaust gas return line 14 meet
as shown in Fig. 7, in which case it can be combined with
a combustion device 17 described below.

[0028] Fig. 3 is an explanatory view of a second em-
bodiment of the invention. In the first embodiment shown
inFig. 1, exhaust gas from the heat storage regenerative
burners 10 placed in the firing zone 2 are cooled by the
heat removal equipment 15 and 16 to be supplied to the
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preheating zone 1 and the spare chamber 4 without ad-
justing its oxygen concentration. However, the oxygen
concentration may exceed the preferable value of 8 %
or the desired value of 5% depending on the operating
condition of the heat storage regenerative burners 10.
[0029] To solve the problem, in the second embodi-
ment, the exhaust gas return line 14 is provided with the
combustion device 17 which consumes oxygen con-
tained in exhaust gas toreduce its oxygen concentration.
Since almost no combustible components are contained
in the exhaust gas from the heat storage regenerative
burners 10, fuel gas is supplied from a fuel gas supply
pipe 18 into the exhaust gas and burned to consume
oxygen contained in the exhaust gas. In the present em-
bodiment, the combustion device 17 serves as a catalytic
combustion device and provides catalytic combustion of
the fuel gas. The catalytic combustion device is made
up of, for example, a ceramic honeycomb structure sup-
porting a precious-metal oxidation catalyst such as plat-
inum or palladium and, therefore, can burn the fuel gas
even in aregion where the oxygen concentration is low.
This way the oxygen concentration in the exhaust gas
from the heat storage regenerative burners 10 can be
reduced to 8% or less, or preferably 5% or less. Since
the exhaust gas is at a temperature of 250°C to 300°C
as described above, there is not a significant difficulty in
proceeding with the catalytic reaction. However, if the
temperature lowers below 250°C, itis preferable to place
a combustion device to a stage preceding the catalytic
combustion device or raise the temperature to about
300°C by adjusting the operating conditions of the heat
storage regenerative burners 10 in the firing zone 2. The
combustion device 17 in the invention is not particularly
limited to a catalytic combustion device but can be, for
example, an ordinary direct heating furnace.

[0030] At the furnace entrance of the tunnel kiln, an
in-furnace atmosphere communicate with fresh air via a
space below the carriage. Therefore, it is desired to pre-
vent the fresh air from flowing into the preheating zone
1 via the space or the low-oxygen-concentration exhaust
gas supplied to the preheating zone 1 from flowing out
via the space below the carriage.

[0031] For this purpose, it is preferable to mount a
board 20 such as shown in Figs. 4 and 5 on the front or
rear surface of the carriage 7 in its traveling direction in
ordertodivide the space longitudinally below the carriage
so that the exhaust gas may be prevented from flowing
into the space below the carriage based on the labyrinth
seal principle. Further, of course, both sides of the car-
riage 7 are shielded from the fresh air by a sand seal 21
as in conventional methods.

[0032] As described hereinabove, according to the in-
vention, by supplying exhaust gas from the heat storage
regenerative burners 10 placed in the firing zone 2 into
the preheating zone 1, itis possible to reduce the oxygen
concentration in the preheating zone 1 without using ni-
trogen gas, inhibit combustion of organic binders in the
binder releasing process so that breaks due to a temper-
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ature difference between the inside and the outside of
ceramic porous bodies may be prevented from occurring.
It is, therefore, possible to increase the rate of tempera-
ture rise as compared with conventional methods so that
the binder releasing process may be accelerated to im-
prove productivity. In addition, the total length of the tun-
nel kiln can be reduced to decrease the running costs
greatly.

[0033] In a case where the means to heat the firing
zone 2 is an ordinary burner, the resultant exhaust gas
is at a very high temperature and, therefore, needs to be
cooled to an allowable temperature limit of the duct by
introducing fresh air. If the fresh air is introduced, the
oxygen concentration rises. Therefore, even if the gas is
returned to the preheating zone 1, effects by the inven-
tion cannot easily be obtained. Further, to cool the hot
exhaust gas without introducing the fresh air, large-scale
heat removal equipment is necessary, which is imprac-
ticable industrially.

Description of Reference Numerals

[0034]

1 Preheating zone

2 Firing zone

3 Cooling zone

4 Spare chamber

5 Rise and fall door

6 Rise and fall door

7 Carriage

8 Suction fan

9 Afterburner

10  Heat storage regenerative burner
11 Heat reservoir

12 Air switching valve

13 Fuel switching valve

14 Exhaust gas return line
15  Heat removal equipment
16 Heat removal equipment
27  Combustion device

18  Fuel gas supply pipe

19  Combustion device

20 Board

21  Sand seal

22  Exhaustline

Claims

1. Atunnel kiln for firing a ceramic porous bodies, com-
prising a preheating zone, afiring zone, and a cooling
zone and driving a carriage loaded with ceramic po-
rous bodies in a furnace during firing, wherein the
preheating zone is set to a low-oxygen atmosphere
by providing an exhaust gas return line that supplies,
into the preheating zone, low-oxygen-concentration
exhaust gas discharged from a heat storage regen-
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erative burner employed as means for heating the
firing zone.

The tunnel kiln according to claim 1, wherein a spare
chamber is formed at a stage preceding the preheat-
ing zone so that the low-oxygen-concentration ex-
haust gas discharged from the heat storage regen-
erative burner may be supplied also into the space
chamber.

The tunnel kiln according to claim 1 or 2, wherein
the exhaust gas return line is provided with a com-
bustion device thatreduces an oxygen concentration
by consuming oxygen contained in the exhaust gas.

The tunnel kiln according to claim 1 or 2, comprising
an exhaust line which suctions in-furnace gas from
the preheating zone and meets the exhaust gas re-
turn line, wherein the exhaust line is provided with a
combustiondevice that consumes oxygen contained
in the in-furnace gas in the preheating zone to lower
the oxygen concentration.

The tunnel kiln according to claim 3, comprising a
path which suctions the in-furnace gas from the pre-
heating zone and meets a stage preceding the com-
bustion device.

The tunnel kiln according to claim 3 or 4, wherein
the combustion device is a catalytic combustion de-
vice.

The tunnel kiln according to any of claims 1 to 6,
comprising an afterburner fitted to a path that suc-
tions the in-furnace gas from the preheating zone
and discharges it in order to completely burn organic
binder gas generating from the ceramic porous bod-
ies and, at the same time, remove nitrogen oxide
contained in the exhaust gas supplied from the ex-
haust gas return line.
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